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.jMaX|mum Temperatures
‘ebay of Boundary Dam

- Surface Temperatures

Forebay - Dally MaX|m um

25

Existing
20 Natural

c)

15

10

Temperature(

5

0

1/04 3/04 5/04 7/04 7 wiud 11/04 1/05 3/05 5/05 SRS 11/05 1/06
Date
Forebay - Daily Maximum Difference (Existing — Natural)

Temperature Difference( °C)

_-Mea AT=0.93 - Mean AT=0.87°C

1/04 3/04 5/04 70 11/04 1/05 3/05 5/05 70 5 11/05 1/06

Date

. TMExrstmg ancf Natural conditicns are _very srmllar even at peaks
-  "Differences occur as the temperatur rise or drop -
_-:T’V’szferences are both h:gher and l _wer than natural
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'_veI Tlme Lag through
dary Reservow Reach

Natural Condltion Tracer Lag T:me
80 |

NC-Box Canyon Dam Tailrace

J —— NC-Boundary Dam Forebay

60
O 46 days

Center of mass \, | |
40

20 0_42 fdiays
First appearance > b

O I I I I I I
8/20/04 8/21/04 8/22/04 8/23/04 8/24/04 8/25/04 8/26/04 8/27/04 8/28/04
Date

Existing Condition - Tracer Lag Time

[R61V)

l EC-Box Canyon Dam Tailrace

EC-Boundary Dam Forebay
Center of mass
\ 3 .09 days

First appearance —_ 5 | 2.00 days
2 I

O \ \ : i \ \ \ \
8/20/04 8/21/04 8/22/04 8/23/04 8/24/04 8/25/04 8/26/04 8/27/04 8/28/04
Date

” TMTlme,; of travei ;s shorterfor Natural Condxtions (NC) 0, 5 days "
. TMTlme of trave for Exzs%mg Condiilon (EC) 3 days .
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'ermal jgrgertla Induced Lag -
- Boundary Reservoir
_'t Wavess%r Cold Front Effect

exchange f'o'r 7
days -;-v“]_ 
Day 1 7 normal __ ;  _3
. Dy o5 heat &0 2 20 af Days”
wave . - T
Day 17 30
- normal

| z Box Canyon

temperatures .

. EC average Of"

NC .

. NC-no dams

_  upstream .
'Trlbutarles set to 25 23 9%
ZerO fIOW Julian E)ays h
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Boundary Reservow

T Time Series from the Surface
with Heat Pulse at Forebay Location

= Ex;simg Cond;t;on (temperature response w:th dams 5 days)
= Natural Condition (temperature response < 1day) .
:Exrstmg temperatures with dams are slower to respond an__results in a E
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g Tlme Effect on Temperature
Assessment

g(around 8/24/2004)

'.::'. {?:;'_:__;'-';'.'ThIS affects Assessment of Impalrment
'"fﬁ”"'_-';j = Is tis et mpairpente.. . ..
" . Sustained river temperatures (h;gher than ﬂsh tolerance)

Added extemal heat (point sources, and tnbutanes)
. not redlstnbutlon of eXIstlng heat |

5”'?{ :_:{ z Is thls Apparent Impalrment’P

One day comparisons with Natural Condrtrons .
Parcels of water at forebay are not the same (Iagranglan ﬂsh)

“lmparrment attributed due to lag (travel tlme and thermal lnertla) 'Wrthf;;’-.-:;_ |
. ';j,-_g_j respect to srmulated naturai temperature . .
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vsally Temperatu re Lag |

| -emperature are poss:ble based on s:te spec:f:c condmons

Lower Deschutes Rlver OR

Below Rereg Dam - 1995

16

14 — EXisting

o stresun
- st ternpsrathures
temiperatures \

12 4

10 4

g |/

Temperature (°C)

6‘ T T T T T
Jan Mar May Jul Sep Nov

§-Apr- n@eay. wmm 1l 1-Aeg- 3*«;@@ z~z:3«~£- 340t . 1995
, o 2ond sy

25

Existing

20 Natural

15

10

Temperature( °C)

5

0

1/04 3/04 5/04 7104 9/04 11/04 1/05 3/05 5/05 7H05 8/05 11/05

Date
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her Look at Impalrment
Undary Dam' Forebay .
s in existing condition higher than natural? .
:eeded more often than natural condltlon’? .
2004 - 2005, Number of Days with Temperature |n. Bl.n Value

40

Bl Cxisting

=1 Natural

. temperatu res

. - Jul August 2004
. o5 ..
z EXIStIng cond:tlon

. _::._:-__'j,, 118 days ._ .
. -Tmax' = 2525 °C
=z Natural condltlon

. 123 days
- T _ 25 29 OC

1t . Temperature Bin ( C)

Nu'r:n'ber bf Days
S

20-21 21-22 22-23 23-24 24-25

TN’Ex:stmg cor;dntlons in Boundary reservosr do not cause mare days to exceed -
20°C, relative to Natural Conditions . - .

'”MD;ffererzces in number of days - 20 c anci peak temperaiure magmtud
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er_ of Days Exceedmg 20°C
o_catlon at Surface, 2004 & 2005_5,:%]5@?;

2004, Number of Days with Temperature in Bin Value

E Existing
(3 Natural

Number of Days

. =z Natural 63 daysm

=z Tma)'(' - 25 29°C

20-21 2122 2223 2324 24-25 2526
Temperature Bin (°C)
- 2005, Number of Days with Temperature in Bin Value

ey | ES

- = Natural 60 days
. =z T1.,-2516C
- ™" Even after separating out 2004 and 2005 data ex:stmg

conditions in Boundary reseivoir do not cause more days
fo exceed 20 C relatlve to Natural Conélflons . . =
i . o 20-21 21-22 22-23 23-24 24-25 25-26

Number of Days

T""Ccnclusnons remam the same ... Temperature Bin (°C)
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bla Rlver TMDL Example

| Prellmmary Draft
(U S EPA October 18 2001)

ver 20 C m The Columbia R:ver

e Smmpvario 1 mpounced”

]
ey

w B Gemrrico 2 Ui mpounded

[

o

o
Frequency

~*Semnario 3- Tribs = 18

400
Colurnbia River Mie
. ';:Frequenay analysns techmque ﬁsed successfuily by u. S EPA to show .

. 'f-:';_-TMTemperatures at Bonneville Dam exceed the 20°C criteria more
”frequentiy (lmpounded) ihan in Natural Condstlons (ummpounded)

ij _TMFrequency analyszs defeei‘s where real lmpoundment 15 present
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TEM PERATURE -MAINSTEM TM DL

“mraperaturs, June 10 - Sesptember 30

ZFO —
. Base Case (With danm and fashboards)
TG - Mo fashbosrds

e chamrry

P %WmMﬂwww%w

e

H L] 4 T ¥ T N T [N RN AL | L T [ H ERL S L ¥ [ | LA S R | L B H
34 36 3B 40 42 44 46 48 S50 52 4 56 58 60 82 64 68 88 Y0 vIZ T4 e TR 80 BZ B4 845
Frivey White, mml

Phase effeci‘s on iem ature mduced by the Wlllametie Fa!ls'
Dam - No mcrease m peak temperature but a lag of4 days

T""Max;m_um temperature dszerence_ _1_C
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:tte Rlver TMDL _ Frequency

Figure 4,27 C:umulat;ve frequemy distrzbutmn of Lcewer w;iiameﬁe temparature wzth and wuthgut prcs;ect

Lower Willamette 7DADM Temperature - Summer Difference

Jun 15 to Sep 15 - 2001 and 2002
Cap and flashboards present v, no cap or flashboards

— 1l YOS CEH
W/ DTOJECT e

= {riteria

1!;;nxsln%n:unsl;suu;su‘:uguu!;t“tuu!;xnu)“xgxnlnxu

18 19 20 21 22 73 24 2 -0 O 0.1
Temperature {C}

Temperature {C}

. ™ Real d:fference in hzlg;h temperatures at Wnllamette Falls _ _0;-1.”’6'_(E"C_—ZNC}f.is_:p;ri!y'f
-.'math of what is apparent . . - -
Win several_iemperature ranges mcludmg peak temperatures reductlo
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m’g and Natural Temperatures —-Boundary Fcrebay

Frequency of Daily Maxamum Temperatures Drfference in Temperature Frequency
(Existing Temperature >20°C) (Existing - Natural)

- 4 g

-0.04°C —

99;2 . /
)
4

lﬁk
£

"

o
/ P
Existing =
e Natural )’/‘ "

// —— 20°C Standard

1

Frequency (Percentage)

1

0.1 0.1
18 19 20 21 22 23 24 25 26 -10 -08 -06 04 -02 00 02 04 06 08 10

Temperature (°C) Temperature Difference ( C)

o _Frequency analysis similar to the Willametie TMDL method shows, permd Cove,ed _Sammer 2004 o Summer 2005
_ greatest difference in hrgh temperatures at Boundary Forebay =0 66 C..
(Existing Cond:ttons = Natural Cond;t:ons) compareci fo >3 C apparent A

'50/50 chance that Exzstmg ser<Matyrat
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Movmg 7 day:-- e A“alys's

_ .ments (whole domaln)
z 7day perlod .

:'_:f";_;‘jz];;_--;;,Compute frequency analys s on the pooled data .
= Frequency lntervals from 1% to 99% .

Both EC and NC

_..._::_'i[é'-;_,.f[-:Compute dlfferences in frequency lntervals (EC NC)
= only when EC >20°C and EC- NC>O 3°C .

=z otherwise the difference is zero | . .

- Advance the calculatlons by 1 y (runmng from June 16 -

Sept26

- _Data poolmg, frequency anaIySIs dlfferen: .

Use of7- day movmg analysrs masks travel tlrne and thermal mema
iag effect .. - .
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Temperature Puise at Box Canyon Tailrace

Existing
Naturai

Temperature (°C)

8/14 8/16 8/18 8/20 8/22 8724 8/26 8/28

Temperature Pulse at Metaline Falls

N
w®

» Existing
Natural

N
o2}

Bl
 through Boundary . IS
ReserV Olr

16 T T T T
8/14 8/16 8/20 8/22 8/24 8/26 8/28

24

22

Temperature (°C)

Temperalure Pulse at Forebay

» Existing
Natural

-fPulse ends in

Temperature (°C)

8/14 8/16 8/18 8/20 8/22 8/24
Date
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' ay AnaIyS|s of Temperature PUlse
Forebay Locatlon .

30

Temperature Pulse at Forebay

28 -
26

24 -
22 -

20

Existing
Natural

——
O
o
oo
g
3
“wld
o
[
Q.
=
(o]
-

18

16
8/14

. :Bue ta 7-day short wmdow .
"_i'_'fTMNaturai Condltlon pulse is reglstered flrst then both and fhen

-'_-'_-same (7-day) wmdow .

8/16 8/18 8/20 8/22 8/24 8/26
Date
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8/28

f;Movmg 7 day_penods .

“"':_'_T“"Correct assessment |s passrble on y when both pulses are m the _'::"




' ovmg 7 day AnaIyS|s
f Temperature Pulse

Temperature Pulse at Box Canyon Tailrace

/\

- EXisting
Naturad
& EC, NC difference

ature 256

Temperature (°C)

= 0.5 day travel time P L " 'Reg"Ste"S'as'

~z Maximum temperature "—-25 °C wie oo eis am f;praff,‘; _ Apparent -

. MaXImum apparent nmpalrment lmpairment.

-,_Number of days of apparent f'_}?
. -_.;-:|mpa|rment . .

:;,:The problem Wlth runn!ng dally | éeeevos0000e 000

- '---;SGHEIYSIS .. -

lnvolves multlp!e samplmg of the
- same data

z So days of apparent rmparrment
' are ceunted more than once

e EXISENG
Natural
# EC, NC difference

Temperature (°C)

30
28
26
24
22
20
18 4
16
14
12
10
8
<]
4
2
0

Temperature (°C)

s = XSO a
Natural
& EC, NC difference

e e &
2 4
o900 00—

8/14 8/16 8/18 8/20 8122 8/24 8/26 8/28

Date
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TMDL method .

?-?’fﬁ'zf_.jﬂThe movmg 7 day approach
=z Ineffective i solat ng real 1mpa|rment .
Z ReSUItS ln dOUbIe Count g . -
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_ Approved by .Q’and US. EPA (Wlllamette TMDL ODEQ 2006)

- - Approved by Ecology (Rocky Reach 401 Cert.)
. W|thm the capablllty of PSU CE-QUAL-WZ model




atlon |n Bounda _
August 24 2004 .

RM 25.3 RM 21.9

/

L

22 24 22 24 22 24 22 24 22 24 22 24
Temperature _(°_Q)_ N Temperature _(°C) ~ Temperature (‘_’C)_ _ Temperature ( C) ~ Temperature (_°_C_) _ Temperature _(_°C_)
Strat;f:catlon in Boundary Reservolr isa short duratlon' event
controlled by release of cnoler water from upstream
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rature Contours Animation

T (deg G}
235
230
225
220
M5
210
205
200

Julian day 235 000

R iver Mile
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Temperature

25

'?*MaX|mum Temperatures

Forebay - Daily Maximum

20

Existing

Natural

15

10

5

0

1/04 3/04 5/04

7/04 9/04 11/04 1/05 3/05 5/05

Date

11/05

1/06

Temperature Difference( °C)

Forebay - Daily Maximum Difference

Max T=3.53°Cl
Mean|AT= 1 19°C

1704 3/04 5/04

Max AT= 191 C
Mean AT= 081 C

7/04 9/04 11/04 1/05 3/05

Date

7/05 9/05 11/05

1/06
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se of Heat
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t Equation Calculation

28.3169L Mg 86,400sec  lkcal 5
fi3 L day ) kg/1°C

HL = QO x

Where

HI. = Heat Load (kcal/d)
Q = Discharge (cfs)

T = Temperature (°C)

* A kilocalorie (kcal) 1s the energy needed to increase the temperature of 1 kg
(pr | L) of water by E‘?‘(S

:ThIS approach Wthh Ieads tp mconsnstency between heat and temperature
balance assumes that:

~ The whole water column is at the same temperature
~ Highest temperature perS|sts for the 24-hour duratlon | .
. Flow is constant over the entlre 24 hour duratlon ..
. Potentlal remedy . .
' Volume or ﬂow welghted averaglng
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